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EXECUTIVE SUMMARY

ThisRegulatory Impact Analysis (Ridi3cusses potentiddenefits, costs, andconomic
impacts of theFnal Standards oPerformance for Greenhouse Gas Emissions from New,
Modified, and Reconstructed Stationary Sources: Electric Utility Generating (Hartsn
referred to ashe EGUNew, Modified, and Reconstructe@ource GHG Standajds

ES1 Background and Context dfind Rule

Thefinal EGUNew, Modified and ReconstructeSourceGHG &ndardswill set emission
limits forgreenhause gas emissior{&HGfrom newly constructed, modified, and
reconstructed fossil fudired electricity generating units (EGU®ese limitswill apply to
carbon dioxide (Cfemissions fromanyaffected fossil fuefired EGU TheUnited States
Environmental Protection AgencigRA isfinalizingrequirementsfor these sourcebecause
CQis an air pollutant under the Clean Air Act, section X&) and (b) of the Act authorizbe
EPA to establish standards of performance for air pollutants emitted from source cateljaries
the one herdisted bythe EPA because the source category causes, or contributes significantly
to air pollution which may reasonably be anticipated to endanger public health or welfare.
Fossil fueffired L2 6 SNJ LJX F yia INBE GKS O2dzyUNEBQa.ABlF NEHSa&I
aGrGSR Ay GKS 9t! Q3 9YRIYISNNYSYG FYR /1 dzaS 2N
Under Section 202(af the Clean Air AQICAAY74 FR 6618), and summarized in Chapter 3 of
this RIAthe anthropogenic buildup of GHGs in the atmosphere is the aafus®st of the
observed global warming over the last 50 years.

On June 25, 2013, in conjunction with the announeat of his Climate Action Plan,
President Obama issued a Presidential Memorandum directing the EPA to issue a proposal to
address carbopollution from new power plants by September 30, 2013, and to issue
Gadl yRFNRAXZ NBIdz I §A2yax 2N 3dzARSEAySaz Fa LI
Y2RAFTASRI NBO2y 4l NHzO( SGhSepteyider 26, P13 pufsyam tolLJ2 6 S NI LI
authority in CAA section 111(HEPA Administrator Gina McCarthy signed proposed carbon
pollution standards for newly constructed fossil f#fieéd power plant§79 FR 143QJanuary 8,
2014).

The EPA subsequently issued a Notice of Data Availability (NODAt)nhgalmmment
on its initial interpretation of provisions in the Energy Policy Act of 2005 and the Internal
Revenue Code, and also soliciting comment on a Technical Support Docwinehtaddressed
GKSaS LINPZAaA2yaQ NBf I {diidgilke iropodedirdi¢79iAR307F0F O G dz €
February 26, 2014
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On June 2, 2014, Administrator McCarthy signed proposed standards of performance,
also pursuant to CAA section 111(b), to limit emissions efffo® modified and reconstructed
fossil fuelfired electric utility steam generating units and stationary combustion turb{i7i@sFR
34959 June 18, 2014

In this action, the EPA is finalizing standards of performance to limit emissions of CO
from newly constructed, modified, and reconstructed fossdlfiired electric utility steam
generating units and stationary combustion turbines. Consistent with the requirements of CAA
section 111a) and(b), these standards reflect the degree of emission limitation achievable
through the application of the best siem of emission reduction (BSER) that the EPA has
determined has been adequately demonstrated for each type of unit.

ES2 Summary ofthe FinalRule

The EPA has determined that the BSER for newly constructed steam generatingaunits is
supercritical pulerized coal $CPYunit using postcombustionpartial carbon capture and
storage (CCS) technology to meatanission limitation of 1,400 Ib G®Wh-gross.The
standard for steam generating unitisat conduct modifications resulting in a potential hourly
increase in C&emissions (mass per hour) of more than 10 pertena unitspecific emission
fAYAOGLFOGA2y O2yaAraidSyd o-jedrkistBidalpérforvianéeddingdhie dzy A G
years from 2002 to the time of the modificatioRor reconstructé steam generating unifghe
BSER is the most efficient demonstrated generating technology for these types of units (i.e.,
meeting a standard of performance consistent with a reconstructed boiler using most efficient
steam conditions available, even ifetlboiler was not originally designed to do so).

The BSER for primarily natural geed stationarycombustion turbinegxpected to
serve intermediate and base logdwer demands the use of weltlesigned, welmaintained,
and welloperatednatural gascombined cycle(NGCChechnology.These units will be required
to meet an emission standard of 1,000 IbB8@Vh-grossoutput (or 1,80 Ib CO2/MWh of net
energy output) Fornon-base loadand multHfuelfired units, BSER is the use of clean fuels.

The BSERetermination and final standards for each affecte®Uare shown in Table
ESL. The applicability of theestandards based on the capacity and operation of a source are
described in the preamble for this final rule. The final standards for all source categories will be
met ona 12-operating month rolling average basis.

I More than 10 percent as compared to its highest potential during the previous five years. The EPA is not finalizing
standards for units that conduct modifications with a potential hourly increase yo€T® percent of less.

ES2



ES3 Key Findings of Economic Analysis

CAA Section 111(b) requires that thew source performance standards{P¥be
NEOASESR SOSNE SAIKG &8SINAO® l'a | NBadzZ Gz
projected impacts within the current eiglyiear NSPS timefrantéAs explained idletail in this
document, energy market data and projections support the conclusion that, even in the
absence of this rule, expected economic conditions will lead electricity generators to choose
new generation technologies that meet the standawdthout the need for additional controls.

The base case modeliige EPA performed for this rulend forother recent air rules
projectsthat, even in the absence of this action, new fofsdl fired capacityconstructed
through 2022 and the years following witiost likely be NGCé&apacity that complies with the
final standardsAnaly®s performed both byhe EPA and th&nergy Information
Administration EIA projectthat new compliantatural gasfired unitsand renewable sources
are likely to be the technolagsof choice for newgenerating capacitgue to current and
projected economic market conditiods

2n some cases, conditions the analysis year of 2022 (eight years from proposal) are represented by results of
power sector modeling for the year 2020. An analysis year of 2023 (eight years from finalization) would not
substantively alter the overall conclusions of this RIA.

3s6 UKS 9L!Qa wnndg G2 wnmp !yydzZt 9ySNHE hdzif221a
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TableES1. Summary of BSER and Final Standards for Affe@&€dJs

AffectedEGU BSER Standard
Newly Constructed Fossil Fikled Efficient new SCPC utility boiler 1,400 Ib C&IMWh-gross
Steam Generatintynits implementing partialCCS
Modified Fossil Fudfired Steam Most efficient generation at the Sources makinmodifications
Generating Units affectedEGUachievable through a resulting in an increase in €0

combination of best operating

hourly emissions of more than 10

practices and equipment upgrade percent are required to meet a

unit-specific emission limit
determined by thedzy A G Q&
historical annual C£emission rate
(from 2002 to the date of the
modification); the emission limit
will be nomore stringentthan:

1.1,800 Ib C&@IMWh-gross for
sourceswith heat input > 2,000
MMBtu/h.

OR

2.2,000 Ib CaMWh-gross for
sourda gAGK KSI
MMBtu/h.

Reconstructed Fossil Fuéred Steam Most efficient generating
Generating Units technology at the affecteEGU

1.1,800 Ib CaJMWh-grossfor
sources with heat input > 2,000
MMBtu/h.

OR

2.2,000 Ib CgMWh-grossfor
2 dzZNDSa gAlK KSI
MMBtu/h.

Newly Constructed and Reconstructec  EfficientNGCQGechnologyfor

Natural Gad-ired Stationary natural gadfired baseload units

Combustion Turbines and clean fuels fonon-base load
and multifuel-fired units.

1. 1,000 Ib C&JMWh-grossor
1,030 Ib C&aMWh-net for
base load natural gafired
units.

2. 120lb CG/MMBtu fornon-
base loachatural gadfired
units.

3. 120to 160 Ib C&MMBLtu for
multi-fuel-fired units.

Historically, he EPA has been titted of very fewmodifications (for criteria pollutants)
or reconstructionsunder the NSPS provisianss suchthe EPA anticipates few covered units
will trigger the reconstruction or modification provisions in the period of analysis.

Therefore basedon theanalysis presented in Chaptéof this RIAthe EPAanticipates
that the EGUNew, Modified, and Reconstructeéglource GHG Standardd| result innegligible
CQemissionchangesenergy impactsjuantified benefits costs andeconomic impactby
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2022. Accordinglythe EPA also does not fioipatethis rule will have angignificantimpacts on
the price of electricity, emplyment or labor markets, or the.H economy.

Althoughthe primary conclusion of the analysis presented in this RIA is tleat th
standards for newly constructed EGUs will result in negligible costs and benefits, the EPA has
also performed several illustrative analysesChapter 5that show the potential impacts of
the rule if certain key assumptions were to change. @halysis finds that underonditions
that deviate from current projections about natural gas pridgee monetizedbenefits of the
standards to societiikely outweigh the cost®f the standardsThe analysislso presents the
costs and benefits that wouldccurin the unlikely casghere assumptions about economic
conditions do not change batn operata choosesto constructnew coalfired capacityIn that
analysis, monetized benefits outweigh costs under a range of assumptions.

The final standardgrovidethe benefit ofregulatory certainty that any newoalfired
power plant must limit C@emissiongo the level of the standard of performance400 Ib
CQ/MWh. Thefinal standardslsoreduce regulatory uncertainty by defininige requirements
to limit emissions of C&rom new, modified, and reconstructefbssil fuelfired steam
generating sources

In addition, the EPA intends thigle to send a clear signal about tleerrent andfuture
statusof CCS technologyAdditional CCS applications aexpected tolead toimprovements in
thistechnolog@ (Peérformance and consequent reductionsiiecost. Hentifyingpost
combustionpartial CCSechnologyas the BSER for cdaled power plants promotes further
developmentand encourages continued researchCCS; which is important fotong-term
CQ emission reductions.

The final standards also provide regulatory certainty for stationary combustion turbines
that, along with new renewable sources, are expected toHzegrimary technology options to
provide new generating capacity in the analysis period/ ew stationary combustion
turbinesmust bewell-designed, welmaintained, and welbperated

4 Statement by Department of Energy Secretary Steven Statement by Secretaryh@.
http://energy.gov/articles/buildingcleanenergypartnershipschinaandjapan

SCNASRYIlIYS>S 5N& g IA 2/ /{{d w2l RYO{LdDPE [ sNBYyOS [ ADSN¥2NB
Management Progranhttp://www.nrcce.wvu.edu/cleanenergy/docs/Friedmann.pdf
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CHAPTER 1
INTRODUCTION ANBEBKGROUND

1.1 Introduction

In this action, the U.S. Environmental Protection Agency (ER@pptingemission
limits for greenhouse gases (GHGS), specifically carbon dioxidg €¢@@ted from fossil fuel
fired EGUsThis document presents thexpected economic impacts the Electricity
Generating Unit (EGU) New, Modified, and Reconstructed Source GHG Standards rule through
2022, including some projections for years up to 20B8sed on the analysis presented in
Chaper 4,the current forecasof economic conditionge.g., price of natural gaslill lead
electricity generators to choose fuels and technologies that will meefitta¢ standards for
new sources without the need for additional control, even in the absefdke rule. As a
result, thefinal new source standards are expected to have no, or negligible, cogtsaotified
benefits associated with thentHowever, should forecast economic conditions change or
operators choose to construct new ceaked capaciy, we project that emission reductions
associated with the standard may result in monetized benefits exceeding the cost of control,
and would also provide unquantified benefits. (See Chapter 5.)EP#ehas reached a similar
conclusion for thdinal reconstruction and modification provision8ased on historical
information that has been reported to the ERRe anticipate few covered units will trigger the
reconstruction or modification proviens in the period of analysif\s a result, we anticipate
nedigiblecosts or benefits associated withdbe standardsThis chapter contains background
informationon the rule and an outline of the chapters of the report.

1.1.1 Legal Basis for this Rulemaking

Section 111 of the Clean Air Act (CAA) requires pedooma standards for air pollutant
emissions from categories of stationary souregsch are listed byhe EPA because theyay
reasonably contribute to the endangerment of public health or welfare. In April 2007, the
Supreme Court ruled iState ofMassachusetts v. ERAK I i DI D& YSSi GKS RSTA
L2 € fdzi yGé dzy RSNJI GKS /11 & ¢KA& NHzZ Ay3a OflF NATFA
apply to GHGs. As a result, the E®PAuthorized tanake decisions about whether to regulate
GHG under certain provisions of the CAA, based on relevant statutory cribg@use COs
an air pollutant emitted from a source categdahe EPA has listed for purposes of section 111,
the EPA may establish standards under section 111 (a) and (b) #d0iGQis source category.
In 2009 the EPA issued a final determination that emissioinsertain specified GH@ndanger
both the public health and the public welfare of current and future generations in the
Endangerment and Cause or Contribute Findifuy Greenhouse Gases Under Section 202(a) of
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the CAA74 FR 66,496; Dec. 15, 200&nd has explained in detail how emissions of ft@n
this source category cause or contribute significantly to air polluti@at endangershealth and
welfare. As desdbed in Chapter 2this source category contributes more £ifan any other
domesticstationarysource.

On June 25, 2013, in conjunction with the announcement of his Climate Action Plan,
President Obama issued a Presidential Memorandum directing thedziBgue a proposal to
address carbon pollution from new power plants by September 30, 2013, and to issue
GadlyRFNRAZ NBIdz I GA2yax 2N 3dzARSEAySaz Fa LI
Y2RAFTASRI NBO2yaidNbzOGSRZ témpdr 2052818 pirsughBto L2 6 S NI LJ
authority in CAA section 111(b), EPA Administrator Gina McCarthy signed proposed carbon
pollution standards for newly constructed fossil fdieéd power plants (79 FR 143Danuary 8,
2014).

The EPA subsequently issued a diotif Data Availability (NODA), soliciting comment
on its initial interpretation of provisions in the Energy Policy Act of 2005 and the Internal
Revenue Code, and also soliciting comment on a Technical Support Docuiehtaddressed
0KSaSsS LINRtodskipietyedatuaNgord supporting tipeoposed rule (79 FR 10750
February 26, 2014

On June 2, 2014, Administrator McCarthy signed proposed standards of performance,
also pursuant to CAA section 111(b), to limit emissions efi©@® modifiedand reconstructed
fossil fuelfired electric utility steam generating units and stationary combustion turbines (79 FR
34959 June 18, 2014

In this action, the EPA is finalizing standards of performance to limit emissions of CO
from newly constructed, modifiedand reconstructed fossil fudired electric utility steam
generating units and stationary combustion turbines. Consistent with the requirements of CAA
section 111(b), these standards reflect the degree of emission tionitachievable through the
application of the best system of emission reduction (BSER) that the EPA has determined has
been adequately demonstrated for each type of unit.
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1.1.2 Regulatory Analysis

In accordance with Executive Order (EO) 12866, EO 1866%e9t | Q& DdzA RSt Ay S
Preparing Economic Analyses, the EPA prepared this Regulatory Impact Analysis (RIA) for this
Gsignificant regulatory actioh. ¢ KA a Nz S A& y20 FYyGAOALI G§SR G2
economy of $100 million or more or adgely affect in a material way the economy, a sector of
the economy, productivity, competition, jobs, the environment, public health or safety, or
siFGSz 20t 2NJGNRoGLFE 32 3SNYY 8cbripdicaByNI O2 Y Y dzy A
significant ruled ¢owever, inder EO 12866 (58 FR 51,735, October 4, 1993), this action is a
GAAIYATFAOFY(G NBIdzA FG2NB 1 OGA2yEé 06SOlFdzaS AG &N
mandatesp¢ !''a | YFGOGSNI 2F LIRftAOeT (KS 9gdsfthEl & | G
potential impacts of this rule, consistent with requirements of the Executive Orders.

This RlAaddresseshe potential costs and benefits of theew, modified and
reconstructedsourceemission limitghat arethe focus of this actionAs desdbed in Chapter 4,
the EPA does nanticipateany costs oguantified benefitswill result fromthe new source
standards ilutilities and project developemhake the type of choices related to new generation
sourceghat areforecastbythe EPAR & | ¢ iRoddshndthat manypublicly availabletility
integrated resource plan@RPs)ndicate are likely. Howevaf,future economic conditions
(e.g., natural gas prisgdiffer from these forecasts and utiliti@gould haveconstruced new
coakHired unts in thebaseling there could be some compliance costs. In these cases, th@ BEPA
analysis shows thdhe rule will result in net benefits under a range of assumptions.

For new sourcethe EPAand ElAthrough their model project that new fossifired
electric utility steam generating units and natural gmed stationary combustion turbinethat
meet the applicability criteriavould meet the respective standards under this rirethe
baseline where no such standards are implement®dmedimited new coalfired units with
federally-supported carbon capture and storage (CCS)razieided in the modelingthough
these units are expected to be compliant with thpplicablestandards under this ruld8ecause
this ruledoes not change thederecasts it is expected to have no, or negligibémsts® or
guantifiedbenefits.

1 The analysis in this RIA and the draft RIA that accompanied the proposal together constitute the economic

FdaSaavySyid NBIdZANBR o0& /!! aSOGA2Yy owmT daslpsicticalleS 9t | Q&
GF1Ay3 Ayid2 | O002dzyli GKS 9t! Qa GAYST NBaz2dzNOSaz FyR 2i
2088 GKS 9L!' Q& unnd G2 Hnamp !'yydzf 9ySNHE@& hdzif2214& 6! 9h

3 Any additional monitoring or reporting costs from thisle should be negligibleecause new genators would
already be required to monitor and report their €€missions under the information collection requirements



New nonrcompliant coafired units are not expected to be constructadthe baseline
duein partto the lowcost ofconstructing and operating new NGCC units relative to the cost of
new coalfired units, relatively low forecast growth in electricity demaaddan expectation
that the growth in enduseenergy efficiency and renewable energy resounséscontinue.The
expectation thatno new nonrcompliant coaffired units will be castructedin the baselineand
therefore that the promulgated standard of performana®uld not be a factor in decisions to
construct holds under a range d@iternative baselinescenarios

Natural gasfired combustion turbine units intended to serveiatermediate and base
load generators constructeith the baselineare expected to be compliant with the standard
duein part to thecosteffectivenesf constructing and operating new combined cycle units
relative to the cost of new simple cycle unifdasent significantly lower natural gas prices, the
cost of electricity generated by combined cycle units operating at intermediate and base load
capacityare lower than simple cycle units operating at the same capacity factor.

Chapter 5 complements and extds the sector levednalysidy examining conditions
(e.g., significantly higdr natural gas prices) in which conclusions regarding the future economic
competitiveness of new nenompliant coaffired unitsrelativeto other new generation
technologies magliffer from those in the sectewide analysisThe analysis evaluates the cost
andbenefits of adopting different competing generating technologies to serve base load
demand at an individual facility level. When considering a wide range of natural gas pri
assumptions, along with information on historical and projected gas prices, this illustrative
facility-level analysis supports the conclusion ttiase finalstandard are highly likely taincur
no costs oquantifiedbenefits. Furthermore, the analyssxamines the costs and benefttgat
would occurin the unlikely ese wherean investormight chooseto construct new coafired
capacity,and shows that the resuis anet monetizedbenefitunder a range of assumptions

As described in Chapter #he EPA has reached a similar conclusion for the
reconstruction and modification provisiofar both steam generating units and stationary
combustion turbines The EPA has historically been notified of few modifications or
reconstructionsunder the NSPS provisioasd, as suchanticipates few covered units will

contained in the existing part 75 and 98 regulations (40 CFR part 75 and 40 CFR part 98). Costs are only incurred
if there has been a #lation of an emission standard caused by a malfunctiod a source chooses &ssert an
affirmative defense The owner/operator must meet the burden of proving all of the requirements in an

affirmative defense. See Chapter 7 for more details on monigpaind reporting costs.



trigger theNSP3econstruction or modification provigns in the period of analysiés a result,
we do not anticipate any significant costs or benefits associaiddthis rule.

1.2  Background for the Final EGU New, Modified, and Reconstructed Source GHG
Standards

1.2.1 Baseline and Years of Analysis

Thestandardson which this analysis is based set GHG emission limits for new, modified
and reconstructedossil fuelfired EGUs. The baseline for this analysis, which uses the
Integrated Planning Model (IPM), includes state rules that have been finalized and/or approved
o8& | adl dSQa f S3Aa@dndyas delBs figaNadSal dids Nl gitivnegally I
binding and enforceable commitments for GHG reductions considered in the baseline are
discussed in Chapter 4 of this RIA.

All analyss are presented for compliance through the year 2022d all estimates are
presented in 2011 dollars. CAA Sewtil11(b) requires that the NSPS be reviewed every eight
years. As a result, this analysis is primarily focused on projected impacts within the current
eightyear NSPS timefram@he9t | Q& T Ay RA ycé@mplaft uyit® (and Besefore? y
no projectad costs or quantified benefits) is robust beyond the analysis period (past 2030) in
boththe IPMlasect 8S FyR GKS 9L! Q& !yydzf 9ySNHE& hdzif 2
projections. Furthermore, this finding is robust in the analysis period acrossearange of
alternative potential market, technical, and regulatory scenarios that influence power sector
investment decisions evaluated by El@hapter 5 complements and extends the sector level
analysidy examining conditions (e.g., significantly higttural gas prices) in which these
conclusions regarding the future economic competitiveness of newaaonpliant coafired
unitsrelativeto other new generation technologies may differ. The analysis evaluates the cost
andbenefits of adopting differentompeting generating technologies to serve base load
demandat an individual facility level

Benefisand coss presented inthe illustrative analyses in Chapteobthis RIA
represent estimatesrom emission reductions undeine finalized standards infarticular year.
The latent and/or ongoing damages associated with pollution from these sources in a particular

41n IPM, conditions in the analysis year of 2022 are represented by a model year of 2020.

5 For examplein the 2014 AE@w gas resource sensitivity case, one of the scenarios most favorable to the
construction of new coal capacijtthe operation of new nostompliant coal capacity in the baseline is not
forecast by the model until 2027.



analysis year are discounted to the analysis yeEnebenefitsand coss presenteddo not
represent the net present value of a streambanefits and costs due to emission reductions
over time.

1.2.2 Definition of AffectedEGUs

1.2.21 New Sources

The statutory authority for this action is CAA section 111(b), which addresses standards
of performance for new, modifiedaind reconstructed sawes.The final standards for newly
constructed fossil fuelired EGUs apply to those sources that commenced construction on or
after January 8, 2014.

1.2.2.2Modified Sources

A modification is any physicat operational change ta source that increasdhe
amount of any air pollutant emitted by the source or results in the emission of any air pollutant
not previously emittedThe final standards for modified fossil fifebd steam generating units
apply to those sources thamake modifications resultopin an increase of hourly @@missions
of more than 10 percenbn or after June 18, 201#owever, projects to install pollution
controls required under other CAA provisions are specifically exempted from the definition of
GY2RATAOLI GA 2 6@ (EY dvéh Mihey emit/G&swa byproduct.

1.2.2.3Reconstructed Sources

¢CKS 9t! Qa /!'! &aSOGA2Yy wmMmm NB3IdzZ I dA2ya LINROD
treated as new sources and, therefore, subject to new source standards of performance. The
regulations define reconstructed sources, in geneaiakxisting sourceqi) that replace
components to such an extent that the capital costs of the new components exceed 50 percent
of the capital costs of an entirely new facility and (ii) for which cleenpe with standards of
performance for new sources is technologically and economically fed4IEFR 60.}5The
final standards foreconstructedfossil fuelfired EGUs apply to those sources thatonstruct
on or after June 18, 2014.

8 The C@related benefits, which are estimated using the social cost of carbon, vary depending on the year in
which the change in G@missions occurs. The social cost of carbon increases over time because future
emissions are expected to produce larger incremental damages as physical and economic systems become
more stressed in response to greater climatic change. The EPA reliethtiorsalaverage benefit peton
method to estimate PMs-related health impacts of S@nd NG emissions. Despite our attempts to quantify
and monetize as many of the t®nefits of reducing emissions from electricity generating sources as possible,
not all known health and nohealth cebenefits are accounted for in this assessment. See Chapter 3 for details.
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1.2.3 Regulatal Pollutant

These final standardset limitsfor emissions oCQ from affectedEGUsThe EPA is
aware thatother GHGs such as nitrous oxite@) and to a lesser extenimethane CH), may
be emitted from fossifuel-fired EGUs, especially from cdimed circulating fluidized bed
combustors and from units with selective catalytic reduction and selectivecatadytic
reduction systems installed faritrogen oxide KNOx) control. The EPAs not settingseparate
N20 or CHemission limits or an equivalent @énission limit because of a lack of available
data for these affected GUsAdditional information on the quantity and significance of
emissions and on the availability of cost effeetcontrols would be needed befosetting
standards for these pollutants.

1.2.4 Emission Limits

The EPA has determined that the BSER for newly constructed steam generatingaunits is
supercritical pulverized coé@CPYunit with postcombustionpartial CCS technologyThe
standard of performance achievable using that BSERI@0 Ib CaMWh-gross. The standard
for modified steam generating units that conduct modifications resulting in a potential hourly
increase in C&emissions (mass per hour) of mdren 10 percentis a unitspecific emission
fAYAOGLFOGA2y O2yaAraidSyd o-jedrkistBidalpérforvianéeddingdne dzy A G
years from 2002 to the time of the modification. For reconstructed steam generating units, the
BSER is the mostfigient demonstrated generating technology for these types of units (i.e.,
meeting a standard of performance consistent with a reconstructed boiler using most efficient
steam conditions available, even if the boiler was not originally designed to do so).

The BSER faiew and reconstructegrimarily natural gasired combustion turbines
expected to serve intermediate and base load is the use ofdesligned, welmaintained, and
well-operatednatural gascombined cyclNGCClechnology.The standard of pgormance
achievable using that BSER 800 Ib/C@MWh-gross

The applicability of these standartbased on the capacity and operation of a source
and isdescribed in the preamble for this final rule. The final standards will be matl@n
operatingmonth rolling average basis. The BSER determination and final standards for each
affectedEGUare shown in Table-1.

”More than 10 percent as compared to its highest potential to emit in the past 5 years. The EPA is deferring issuing
standards for units that cong:t modifications with a potential hourly increase inZ@&®10 percent or less.



Table 1. Summary of BSER and Final Standards for Affe&€dUs

AffectedEGU BSER Standard
Newly Constructed Fossil Fikled Efficient new SCPC utility boiler 1,400 Ib C&IMWh-gross
SteamGenerating Units implementing partial CCS
Modified Fossil Fudfired Steam Most efficient generation at the Sources makinmodifications
Generating Units affected EGU achievable through resulting in an increase in €0

combination of best operating hourly emissions of more than 10
practicesand equipment upgrades percent are required to meet a

unit-specific emission limit
RSGSNX¥YAYySR o0&
historical annual C£emission rate
(from 2002 b the date of the
modification); the emission limit
will be nomore stringentthan:

1.1,800 Ib C&@IMWh-gross for
sourceswith heat input > 2,000
MMBtu/h.

OR

2.2,000 Ib CaMWh-gross for
a2dz2NDOSa gAlGK KS

MMBtu/h.
Reconstructed FosstuelFired Steam Most efficient generating 1.1,800 Ib C&MWh-grossfor
Generating Units technology at the affected EGU. sources with heat input > 2,000
MMBtu/h.

OR

2.2,000 Ib CgMWh-grossfor
2 dzZNDSa gAlK KSI

MMBtu/h.
Newly Constructe@nd Reconstructed Efficient NGCC technology for 4. 1,000 Ib CaIMWh-gross or
Natural Gad-ired Stationary natural gadfired baseload units 1,030 Ib CaMWh-net for
Combustion Turbines and clean fuels fonon-base load base load atural gasfired
and multifuel-fired units. units.

5. 120 Ib C@MMBLtu for non-
base loachatural gadired
units.

6. 120to 160 Ib C&MMBLtu for
multi-fuel-fired units.

1.2.5 Emission Reductions

As will be discussed in more detail in Chapter 4 of this RIA, thariRatesthat the
EGU New, Modifiecand Reconstructed Source GHG Standwitisesult innegligiblechanges
in GHGmissiors over the analysis periodhe EPA expects that owners of new units will
choose generation technologies that meet these stanidan the baselinelue to expected
economic conditions in the marketplad@ased on historicgdrecedent the EPA anticipates few
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covered units will trigger th&lSP3®econstruction or modification provigns in the period of
analysis As a result, we do n@nticipate any significant costs nronetizedbenefits associated
with thisrule.

1.3  Organization of the Regulatory Impact Analysis

This report presentthe9 t | Qa | y I pbt@ntiakbanefids Fcosts,kakd other
economic effects of thEGU New, Modified, and Reconstructed Source GHG Startddrdsl|
the requirements of a RIA This RIA includes the following chapters:

A

A

Chapter2, Electric Power Sector Profile, describes the indudtected by the rule.

Chapter 3, Benefits of Reducing GHGs and Other Pollutiegstibes thesffects of
emissions on climate and health and provides background information to support
the benefits analysis.

Chapter 4, Costs, Economic, and Energy Immdictee New Source Standards
describes impacts of the rufer new sources

Chapter 5, Analysis of lllustratiBenefitCostScenariogor New Sourcesdescribes
additional analyses examining potential impacts under a range of scenarios.

Chapter 6, Modifie&and Reconstructed Sources, describes the potential impacts of
the standards for modified and reconstructed sources.

Chapter7, Statutory and Executive Order Impact Analyses, describes the small
business, unfunded mandates, paperwork reduction act, enw@mtal justice, and
other analyses conducted for the rule to meet statutory and Executive Order
requirements.



CHAPTER 2
ELECTRIC POWER SEMROFILE

2.1 Introduction

This chapter discusses important aspects of the paseetor that relate to the EGU
New, Modified and Reconstructe8ource GHG Standards, including the typesaftricity
generating unitsEGU3}affected by the regulation, and provides background on the power
sector and EGUSs. In addition, this chapter plesisome historical background on trends in the
past decade in the power sector, as well as about exifii®) Environmental Protection
Agency EPAregulation of the power sector.

In the past decade there have been significant structural changes irothetire mix of
generating capacity and in the share of electricity generation supplied by different types of
generation. These changes are the result of multiple factors in the power sector, including
normal replacements of older generating units with nemits, changes in the electricity
intensity of the US economy, growth and regional changes in th& dopulation,
technological improvements in electricity generation from both existing and new units, changes
in the prices and availability of different fuels, and substantial growth in electricity generation
by renewable and unconventional methods. Manyladse trends will continue to contribute to
the evolution of the power sectoilhe evolving economics of the power sector, in particular
the increased natural gas supply and subsequent relatively low natural gas prices, have resulted
in more gas being Uized as base load energy in addition to supplying electricity during peak
load. This chapter presents data on the evolution of the power sector from 2002 through 2012.
Projections of new capacity and the impact of this rule on these new sources areséidéns
more detail in Chapted of thisRegulatory Impact AssessmeRiA.

2.2 Power Sector Overview

The production and delivery of electricity to customers consists of three distinct
segments: generation, transmission, and distribution.

2.2.1 Generatbn

Electricity generation is the first process in the delivery of electricity to consumers.
There are two important aspects of electricity generatioapacity and net generation.
Generatingcapacityrefers to themaximum amount of production from aaGUn a typical
hour, typically measured in megawatts (MW) or gigawatts (1 GVOBOIMW). Electricity
generationrefers to the amount of electricity actually produced by EGUs, measured in kitowatt



hours (kWh) or gigawathours (GWh = 1 million kwHhj addiion to producing electricity for

sale to the grid, generators perform other services important to reliable electricity supply, such
as providing backup generating capacity in the event of unexpected changes in demand or
unexpected changes in the availalyilof othergenerators Other important servicegrovided

by generatorsncludefacilitating the regulation of the voltage of supplied generation

Individual EGUs are not used to generate electricity d@@entof the time. Individual
EGUs are periodidginot needed to meet the regular daily and seasonal fluctuations of
electricity demand. Furthermore, EGUSs relying on renewable resources such as wind, sunlight
and surface water to generate electricity are routinely constrained by the availability of
adequate wind, sunlightor water at different times of the day and seasd&imits are also
unavailable during routine and unanticipated outages for maintenafidese factors result in
the mix of generating capacity types available.(the share of capatyi of each type of EGU)
being substantially different than the mix of the share of total electricity produced by each type
of EGU in a given season or year.

Most of the existing capacity geneeatelectricity by creating heat tgeneratehigh
pressure stam that is released to rotate turbines which, in turn, create electridigtural gas
combined cycle (NGCC) units hawe generating components operating from a single source
of heat. The first cycle is a gired turbine, which generates electricityrdctly from the heat
of burning natural gas. The second cycle reuses the waste heat from the first cycle totgenera
steam, which is then used to generate electricity from a steam turb®ther EGUgenerate
electricity by using water or wind to rotaterbine, and a variety of other methods also make
up a smallbut growingshareof the overall electricity supply. The generating capacity includes
fossitfuel-fired units, nuclear units, and hydroelectric and other renewable sources (see Table
2-1). Table 21 also shows the comparison between the generating capacity in 2002 and 2012.

In 2012 the power sector consistd of over 19,000 generating units with a total
capacityof 1,168 GW, an increase b88 GW (o9 perceni from the capacity in 2002 80

1 As with all data presented in this section, this includes generating capacity not only at EGUs primarily operated to
supply electricity to the grid, but also generating ceipaat commercial and industrial facilities that produce
both electricity used onsite as well as dispatched to the dgidess otherwise indicated, capacity data
presented in this RIA is installed nameplate capacity (also known as nominal capacifyp defi 6 & TheL! | & &
maximum rated output of a generator, prime mover, or other electric power production equipment under
specific conditions designated by the manufactuter. b I YS LI | §S OF LI OAGeée Aa O2yaArads
authorities with a commomlefinition, where alternate measures of capacity (e.g., net summer capacity and net
winter capacity) can use a variety of definitions and specified conditions.



GW). The 188 GW increase consisted primarily of natural gas fired EGUs (134 GW) and wind
generators (55 GW), with substantially smaller net increases and decreases in other types of
generating units.

Table 2-1.

Existing Electricity Generating Capacity by Energy Source, 2002 and 2012

2002 2012 Change Between '02 and '12
Generator Generator Nameplate

Nameplate Nameplate Capacity % of Total

Capacity % Total Capacity % Total % Change Capacity

Energy Source (MW) Capacity (MW) Capacity | Increase (MW) Increase
Coal 338,199 35% 336,341 29% -1% -1,858 -1%
Natural Gas 352,128 36% 485,957 42% 38% 133,829 71%
Nuclear 104,933 11% 107,938 9% 3% 3,005 2%
Hydro 96,344 10% 99,099 8% 3% 2,755 1%
Petroleum 66,219 7% 53,789 5% -19% -12,430 -1%
Wind 4,531 0.5% 59,629 5.1%| 1216% 55,098 29%
Other Renewable 14,208 1.5% 20,986 1.8% 47.7% 6,778 3.6%
Misc 3,023 0.3% 4,257 0.4% 40.8% 1,234 0.7%
Total 979,585 100% 1,167,995 100% 19% 188,410 100%

Note: This table presents generation capacity. Actuajemtration is presented in Tabl@ 2

Source: U.S. EIA Electric Power Annual42Dbwnloaded from EIA Electricity Data Browser, Electric Power Plants
Generating Capacity By Source, 2Q@D13. Available ahttp://www.eia.gov/electricity/data.cfm#gencapacity

1 Natural Gas information in this chapter (unless otherwise stated) reflects data for all generating units using
natural gas as thprimary fossil heat source. This includes Combined Cycle Combustion Turbjieeq@itof
2012NGired capacity), Gas Turbine (p@rcenf), Combined Cycle Steam ({i€rcenf, Steam Turbine (17
percen, and miscellaneous (<pkrceny).

The 19 percent increase in generating capacity is the net impact of newly built
generating units, retirements of generating units, and a variety of increases and decreases to

the nameplatecapacity of individual existing units dued¢bangesn operating guipment,
changes in emission contspletc. During the period 2002 to 2012, a total of 315,752 MW of
new generating capacity was built and brought online, and 64,763 MW existing units were
retired. The net effect of the reating of existing units reducdtie total capacity by 62,579

MW. The overall net change in capacity was 188,410 MW, as shown in Thble 2

The newly built generating capacity was primarily natural gas (226,605 MW), which was
partially offset by gas retirements (29,859 MW). Wind capaedy the second largest type of
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new builds (55,583 MW), augmented by 2,807 MW of sbl@he overall mix of newly built and
retired capacity, along with the net effect, is shown on Figufe 2

350,000
300,000
250,000
200,000
150,000
100,000

50,000

Change in Capacity (MW)

0
New Build Retirement Net Change
-50,000

ECoal ENat Gas EBWind & Solar mOil & Other

Figure2-1. New Build and Retired Capacity (MW) by Fuel &yp0022012
Source: EIA Form 860
Not displayed: wind and solar retirements = 87 MW, net change in coal capabiyMW

In 2012, electric generating sources produeatet 4,048 trillion kWh to meet electricity
demand a 5 percent increase from 2002 (8&rillion kWh). As presented in Table22 almost
70 percentof electricityin 2012was produced through the combustion of fossil fuels, primarily
coal and natural gas, with coal accounting for the largest single shldheugh the share of the
total generation from fossil fuels in 2012 (67 percent) was only modestly smaller than the total
fossil share in 2002 (71 percent), the mix of fossil fuel generation changed substantially during
that period. Coal generation declined Bg percent and petroleum geeration by75 percent,
while natural gas generation increased Bpercent. This reflects both the increase in natural
gas capacity during that period as well as an increase in the utilization of new and existing gas
EGUs during that period. Wind gengom also grew from a very small portion of the overall
total in 2002 to3.5percent of the 2012 total.

2 Partially offset by 87 MW retirediind or solar capacity.



Table 2-2. Net Generation in 2002 and 2012 (Trillion kWh = TWh)

2002 2012 Change Between '02 and '12
Net
Net Fuel Net Generation | % Change in
Generation  Source | Generation Fuel Source Change Net

(TWh) Share (TWh) Share (TWh) Generation

Coal 1,933.1 50% 1,514.0 37% -419.1 -21.7%
Natural Gas 702.5 18% 1,237.8 31% 535.3 76.2%
Nuclear 780.1 20% 769.3 19% -10.7 -1.4%
Hydro 255.6 7% 271.3 7% 15.7 6.1%
Petroleum 94.6 2.5% 23.2 0.6% -71.4 -75.5%
Wind 104 0.3% 140.8 3.5% 130.5 1260.0%
Other Renewable 68.8 1.8% 77.5 1.9% 8.8 12.7%
Misc 13.5 0.4% 12.4 0.3% -1.2 -8.7%

Total 3,858 100% 4,046 100% 188 5%

Source: U.S. EIA Monthly Energy Revieiy2014. Table 7.2a Electricity Net Generation: Total (All Sectors).
Available atttp://www.eia.gov/totalenergy/data/monthly/. Accessed/29/2015

Coalfired and nucleagenerating units have his2 NA O f f & fazitLR ¥ A SRS GidoNIFa
the portion of electricity loads which are continuallgepent, and typically operate throughout
all hours of the yearThe coal units meet the part of demand that is relatively constant.
Although much of the cddleet operates as base load, there can be notable differences across
various failities (se€elTable 23). For example, codired units less than 100 megawatts (MW) in
size compose 37 percent of the total number of ewad units, but only 6 percent dbtal coalt
fired capacity. Gafired generation is better able to vary output and is the primary option used
tomeel (GKS @OFNAF6fS LR2NIAZ2Y 2F (GKS St SOGNROAGE |
GAYUSNYSRAIFGSe L2 ¢SNE g #orSléctriditd @oNRamplé whiery ONB | 4 SR
businesses operate throughout the day or when people return home from workwamnd r
appliances and heating/agonditioning), versus late at night or very early in the morning, when
demand for electricity is reduced.

Table 23 also shows comparable data for the capacity and age distribution of natural
gas units. Compared with the fleet of coal EGUSs, the natural gas fleet is generally smaller and
newer. While 55 percent of the coal EGU fleet is over 500 MW per umigrcént of the gas
fleet is between 50 and 500 MW per urlilany of he largest gas units agasfired steam
generating EGUs


http://www.eia.gov/totalenergy/data/monthly/

Table 23. Coal and Natural Gas Generating Units, by Size, Age, Capacit'
and Thermal Efficiency (Heat Rate)

Avg. Net Total Net
Unit Size Summer  Summer Avg. Heat
Groupng No. % of Al Avg. Capacity Capacity % Total Rate
(MW) Units Units Age (MW) (MW) Capacity (Btu/kWh)

COAL

0¢g24 223 18% 40.7 11.4 2,538 1% 11,733
25¢49 108 9% 44.2 36.7 3,963 1% 11,990
50¢ 99 157 12% 49.0 74.1 11,627 4% 11,883
100- 149 128 10% 50.6 122.7 15,710 5% 10,971
150-249 181 14% 48.7 190.4 34,454 11% 10,620
250-499 205 16% 38.4 356.2 73,030 23% 10,502
500-749 187 15% 35.4 604.6 113,056 36% 10,231
750-999 57 5% 31.4 823.9 46,963 15% 9,942
1000- 1500 11 1% 35.7 1259.1 13,850 4% 9,732

Total Coal 1257 100% 42.6 250.7 315,191 100% 11,013
NATURAL GAS

0¢24 1992 37% 37.6 7.0 13,863 3% 13,531
25¢ 49 410 8% 21.8 125.0 51,247 12% 9,690
50-99 962 18% 15.6 1742 167,536 39% 8,489
100-149 802 15% 23.4 39.9 31,982 8% 11,765
150- 249 167 3% 28.7 342.4 57,179 13% 9,311
250-499 982 18% 24.6 71.1 69,788 16% 12,083
500- 749 37 1% 40.0 588.8 21,785 5% 11,569
750-1000 14 0.3% 35.9 820.9 11,492 3% 10,478
Total Gas 5366 100% 27.7 79.2 424,872 100% 11,652

Source: National Electric Energy Data System (NEEDS3v.5.1

Note: The average heat rate reported is the mean of the heat rate of the units in each size category (as opposed to
a generationweighted or capacityveighted averagdeat rate.) A lower heat rate indicates a higher level of fuel
efficiency. Table is limited to cesleam units in operation in 2013 or earlier, and excludes those units in NEEDS
with planned retirements in 201dr 2015.

In terms of the age of the generag units, 50 percent of the total coal generating
capacity has been in service for more than 38 years, while 50 percent of the natural gas
capacity has been in service less than 15 years. Figagr@sents the cumulative age
distributions of the coal athgas fleets, highlighting the pronounced differences in the ages of
the fleets of these two types of fosdilel generating capacity. Figure2Z2also includes the

distribution of generation.
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Figure2-2. Cumulative Distribution in 2010 of Coal amthtural GasElectricityCapacity and
Generation, by Age
Source: National Electric Energy Data System (NEEDS) v.5.13

Not displayed: coal units (376 MW totalp#&rcentof total) and gas units (62 MW, < .p&rcentof total)) over 70
years old for clarity. Figure is limited to cetam units in NEED&.13 in operation in 2013 or earlier (excludes
~2,100 MW of codlired IGCC and fossil waste capacity), and excludes those units in NEEDS with planned
retirements h 2014or 2015.

The locations of existing fossil unitstivre EPA National Electric Energy Data System
(NEEDS) v.5.13 are shown in Figu8e 2
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Figure 23. Fossil FueFired Electricity Generating Facilities, by Size
Source:National Electric Energy &ta System (NEEDS) v.5.13

Note: This map displays fossil capacity at facilities in the NEBLE13 IPM frame. NEEDS.5.13reflects
generating capacity expected to be onlinthatend of 2015. This includes planned new bualdsady under
constructiorand planned retirements. In areas with a dense concentration of facilities, some facilities may be
obscured.

2.2.2 Transmission

Transmission is the term used to describe bugk transferof electricity over a network
of high voltage lines, from electrgenerators to substations where power is stepped down for
local distribution. In the U.S. and Canada, there are three separate interconnected networks of
high voltage transmission linégach operating synchronously. Within each of these
transmission netwrks, there are multiple areas where the operation of power plants is
monitored and controlled to ensure that electricity generation and load are kept in balance. In
some areas, the operation of the transmission system is under the control of a singlealegi

3These three network interconnéons are the Western Interconnection, comprising the western parts of both the
U.S and Canada (approximately the area to the west of the Rocky Mountains), the Eastern Interconnection,
comprising the eastern parts of both theSJand Canada (except thopart of eastern Canada that are in the
Quebec Interconnection), and the Electric Reliability Council of Texas (ERCOT) Intermono@eiprising
most of Texas. See map of all NERC interconnections at
http://www.nerc.com/AboutNERC/keyplayers/Documents/NERnterconnections_Color_072512.jpg
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operator. In others, individual utilities coordinate the operation of their generation,
transmission, and distribution systems to balance their common generation and load needs.

2.2.3 Distribution

Distribution of electricity involves networks of loweoltage lines and substations that
take the higher voltage power from the transmission system and step it down to lower voltage
levels to match the needs of customers. The transmission and distribution system is the classic
example of a natural monopolin part because it is not practical to have more than one set of
lines running from the electricity generating sources to substations or from substations to
residences and businesses.

Over the last couple of decades, several jurisdictions in the UnitgdsShegan
restructuring the power industry to separate transmission and distribution from generation,
ownership, and operation. Historically, the transmission system had been developed by
vertically integrated utilities, establishing much of the existimgpsmission infrastructure.
However, as parts of the country have restructured the industry, transmission infrastructure
has also been developed by transmission utilities, electric cooperatives, and merchant
transmission companies, among others. Disttid, also historically developed by vertically
integrated utilities, is now often managed by a number of utilities that purchase and sell
electricity, but do not generate it. As discussed below, electricity restructuring has focused
primarily on efforts 0 reorganize the industry to encourage competition in the generation
segment of the industry, including ensuring open access of generation to the transmission and
distribution services needed to deliver power to consumers. In many states, such efforts have
also included separating generation assets from transmission and distribution assets to form
distinct economic entities. Transmission and distribution remain meggilated throughout the
country based on the cost of service.

2.3  Sales, Expenseand Pices

These electric generating sources provide eleityrior ultimate commercial, industrial
andresidentialcustomers. B&ch ofthe three major categoriesf ultimate customergonsume
roughly a quarter to a third of the total electricity producddee Table 24). Some of these uses
are highly variable, such as heating and air conditioning in residential and commercial buildings,

4 Transportation (primarily urban and regional electrical trains) is a fourth ultimate customer category which
accounts less than one percent of electricity consumption.



while others are relatively constant, such as industrial processes that operate 24 hours a day.
The distribution between thend use categories changed very little between 2002 and 2012.

Table 24. Total U.S. Electric Power Industry Retail Sales in 2012 (billion kWh)

2002

2012

Sales/Direct

Sales/Direct

Use (Billion Share of Total Use (Billion Share ofTotal End
kWh) End Use kWh) Use

Residential 1,265 35% 1,375 35.9%
Commercial 1,104 30% 1,327 34.6%
Sales Industrial 990 27% 986 25.7%
Transportation NA - 7 0.2%

Other 106 3% NA -
Total 3,465 95% 3,695 96%
Direct Use 166 5% 138 4%
3,632 100% 3,832 100%

Total End Use

Source: Table 2.2, EIA Electric Power Annual, 2013

Notes:

Retail sales are not equal to net generation (TabR) Pecause net generation includes net exported electricity
and loss of electricity that occurs through transmission distkibution.

Direct Use represents commercial and industrial facility use of onsite net electricity generation; and electricity
sales or transfers to adjacent or-tmcated facilities for which revenue information is not available.

2.3.1 Electricity Price

Electricity prices vary substantially across the United States, differing both between the
ultimate customer categories and also by state and region of the country. Electricity prices are
typically highest for residential and commercial customers becatifiee relatively high costs
of distributing electricity to individual homes and commercial establishments. Thehigs
for residential and commerciagustomersare the result both of the necessagxtensive
distribution network reaching to virtuallgvery part of the countrand every buildingand also
the factthat generating stations are increasingly located relatively far from population centers
which increasstransmission costsIndustrial customers generally pay the lowest average
prices,reflecting both their proximity to generating stations and the fact that industrial
customers receive electricity at higher voltagefich makes transmission more efficient and
less expensive). Industrial customers frequently pay variable prices forielydby the season
and time of day, while residential and commercial prices historically have been less variable.
Overall industrial customer prices are usually considgrelolser to the wholesale marginal cost

of generating electricity than residentiand commercial prices.
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On a stateby-state basisall retail electricity prices vary considerablg.2011 the
national average retail electricity price (all sectors) was 9.90 cents/KWh, with a range from 6.44
cents (Idaho) to 31.58ents(Hawaii) The Nrtheast Californigand Alaskdave average retail
prices that can be as much as double those of other states (see Rig)yrand Hawaii hathe
most expensive retail price electricityin the country

Average Price (cents per kilowatthour) '
[ Je44-780
[ 7.83-8.78
[ 880-9.39
[ Jo61-1281
[ ]13.04-3159

Note: Data are displayed as 5 groups of 10 States and the District of Columbia.
U.S. total average price per kilowatthour is 9.90 cents.

Source: U.S. Energy Information Administration, Annual Energy Review —
Electricity Section, Table 4, September 27, 2012.

Figure 24.  Average Retail Electricity Pridey State (cents/kwh), 201

Average national retail electricity prices increased between 2002 and 2012 by 36.7
percent in nominal (current year $) terms. The amount of increase differed for the three major
end use categories (residential, commercial amtustrial). National average residential prices
increased the most (40.8 percent), and commercial prices increased the least (27.9 percent).
The nominal year prices for 2002 through 2012 are shown in Figbre 2
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Figure 25. Nominal National Average Elricity Pricesfor Three Major EndJse Categories
Source: EIA AEO 2012, Table 2.4

Electricity prices for all three enalse categories increased more than overall inflation
through this period, measured by either tli&oss Domestic Product (GDvaplicit price
deflator (23.5 percent) or the consumer price index {GPWhich increased by 27.7 percent)
Most of these electricity price increases occurred between 2002 and. &g& 2008 nominal
electricity prices have been relatively stable while overdillhtron continued to increase. The
increase in nominal electricity prices for the major end use categories, as well as increases in
the GDP price and GBlindices for comparison, are shown in Figu& 2

5Source: Federal Reserve Economic Data, FRBUS. Available dtttp://research.stlouisfed.org/fred2/

2-12



45%

40%

35%

30%

25%

20%

15%

Inflation Indices since 2002

10%

% Changein Nominal Electricity Prices and

5%

0%
2002 2004 2006 2008 2010 2012

Residential Commercial Industrial eeeecee CPl-U e= = GDP Price

Figure 26. Relativelncreases in Nominal National Average Electricity Prices for Major-End
Use Categoriesyith Inflation Indices

The real (inflatioradjusted) change in average national electricity prices can be
calculated using the GDP implicit price deflator. Figured2ows reat (2011$) electricity prices
for the three major customer categories from 1960 to 2012, and Figistows the relative
change in real electricity prices relative to the prices in 1960. As can be seen in the figures, the
price for industrial cusmers has always been lower than for either residential or commercial
customers, but the industrial price has been moreatitd. While the industrial real price of
electricity in 2012 was relatively unchanged from 1960, residential and commercial i pr
are 23percentand 28percentlower respectively than in 1960.

5 All prices in this section are estimated as real 2011 padgsstedusing the GDP implicit price deflator unless
otherwise indicated.
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Figure 27. Real National Average Electricity Prices (201ft$)Three Major EndJse
Categories

Source: EIMonthly Energy Review, Aprie015, Table9.8
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Relative Change in Electricity Prices,
1960-2014 (including taxes)
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Figure 28. Relative Change iReal National Average Electricity Prices (201f8)Three

Major EndUse Categories
Source: EIMonthly Energy Review, April 201babled.8

2.3.2Prices of Fossil Fuels Used for Generating Electricity

Another important factor in the chayes in electricity prices are the changes in fuel
prices for the three major fossil fuels used in electricity generatoal, natural gas and oil.
Relative to real prices in 2002, the national average real price (in 2011%$) of coal delivered to
EGUs in@12 had increased by 54 percent, while the real price of natural gas decreased by 22
percent. The real price of oil increased by 203 percent, but with oil declining as an EGU fuel (in
2012 oil generated only 1 percent of electricity) the doubling of wdgs had little overall
impact in the electricity market. The combined real delivered price of all fossil fuels in 2012
increased by 23 percent over 2002 prices. FigddesBows the relative changes in real price of
all three fossil fuels between 2002nd 2012.
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Figure 29. Relative Real Prices of Fossil Fuels for Electricity GeneramorChange in

National Average Real Price per MBtu Delivered to EGU
Source: EIA AEO 2012, Table 9.9

2.3.3Changes in Electricity Intensity of the U.S. Economy Betwa&#)? to 2012

An important aspect of the changes in electricity generation (i.e., electricity demand)
between 2002 and 2012 is that while total net generation increased by 4.9 percent over that
period, thedemandgrowth for generationhas been low, and iratt wes lower than both the
population growth (9.2 percent) and real GDP growth (19.8 percent). Figl@esBows the
growth of electricity generation, population and real GDP during this period.
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Figure 210. RelativeGrowth of ElectricityGeneration, Populationand Real GDP Since 2002
Sources: U.S. EIA Monthly Energy Review, December 2014. Table 7.2a Electricity Net Generation: Total (All
Sectors). U.S. Census.

Becausalemand forelectricity generation grewnore slowlythan both the pomlation
and GDP, the relative electric intensity of the U.S. economy improved (i.e., less electricity used
per person and per real dollar of output) during 2002 to 2012. On a per capita basis, real GDP
per capita grew by 10.9 percent, increasing from $88,(in 2011$) per person in 2002 to
$49,800per person in 2012. At the same time electricity generation per capita decreased by 3.9
percent, declining from 13.4 MWber person in 2002 to 12.8 MWper person in 2012. The
combined effect of these two charg improved the overall electricity efficiency of the U.S.
economy. Electricity generation per dollar of real GDP decreased 12.5 percent, declining from
299 MWh per $1 million of GDP to 261 M\r $1 million GDP. These relative changes are
shown in Figur@-11. Figures-20 and 211 clearly show the effects of the 20Q2009
recession on both GDP and electricity generation, as well as the effects of the subsequent
economic recovery.
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Figure 211. Relative Change of Real GDP, Populatanmd ElectricityGeneration Intensity

Since 2002
Sources: U.S. EIA Monthly Energy Review, December 2014. Table 7.2a Electricity Net Generation: Total (All
Sectors). U.S. Census

2.4  Deregulation and Restructuring

The process of restructuring and deregulation of wholesalé retail electric markets
has changed the structure of the electric power industry. In addition to reorganizing asset
management between companies, restructuring sought a functional unbundling of the
generation, transmission, distribution, and ancillagrvices the power sector has historically
provided, with the aim of enhancing competition in the generation segment of the industry.

Beginning in the 1970s, government policy shifted against traditional regulatory
approaches and in favor of deregulatitor many important industries, including
transportation (notably commercial airlines), communications, and energy, which were all
thought to be natural monopolies (prior to 1970) that warranted governmental control of
pricing. However, deregulation efforiis the power sector were most active during the 1990s.
Some of the primary drivers for deregulation of electric power included the desire for more
efficient investment choices, the economic incentive to provide least electric rates through
market conpetition, reduced costs of combustion turbine technology that opened the door for
Y2NB O2YLI yASa (2 asStft LR26SNI gAGK aYIFEfSNI AYyD
cost of service and establishing cdistsed rates for various customer clasdesregulation and
market restructuring in the power sector involved the divestiture of generation from utilities,
the formation of organized wholesale spot energy markets with economic mechanisms for the
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rationing of scarce transmission resources duringqats of peak demand, the introduction of
retail choice programs, and the establishment of new forms of market oversight and
coordination.

The pace of restructuring in the electric power industry slowed significantly in response
to market volatility in C#lornia and financial turmoil associated with bankruptcy filings of key
energy companies. By the end of 2001, restructuring had either been delayed or suspended in
eight states that previously enacted legislation or issued regulatory orders for its
impleme/ G A2y 0aK2gy | & -12) Highteds ofrRrStates thatyhadC A 3 dzNBE  H
seriously explored the possibility of deregulation in 2000 reported no legislative or regulatory
FOGAGAGE AY wHnannm 69L! 3A2).Carrernly) thebetatd? sfates pusthed S ¢ Ay
District of Columbia where price deregulation of generation (restructuring) has occurred
60 a! Ol A @S ¢12)APgweCsecibdmbiBucturing is more or less at a standstill; by 2010 there
were no active proposals under review by thel&rl Energy Regulatory Commission (FERC) for
actions aimed at wider restructuring, and no additional states have begun retail deregulation
activity since that time.

Electricity Restructuring by State

Figure2-12. Status of State Electricitindustry Restructuring Activities
Source:9L! Hamn® a{dGrddza 2F 9t SOGNROAGE wSalGNHOGdzZNAY3I o6& ({
http://www.eia.gov/cneaf/electricity/paje/restructuring/restructure _elect.html.

One major effect of the restructuring and deregulation of the power sector was a
significant change in type of ownership of electricity generating units in the states that
deregulated prices. Throughout most of théth century electricity was supplied by vertically
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integrated regulated utilities. The traditional integrated utilitiesntrolledgeneration,
transmissionand distribution in their designated areas, and prices were set by cost of service
regulations st by state government agencies (e.g., Public Utility Commissions). Deregulation
and restructuring resulted in unbundling of the vertical integration structure. Transmission and
distribution continued to operate as monopolies with cost of service reguiatvhile

generation shifted to a mix of ownership affiliates of traditional utility ownership and some
generation owned and operated by competitive companies known as Independent Power
Producers (IPP). The resulting generating sector differed by staegion, as the power sector
adapted to the restructuring and deregulation requirements in each state.

By 2002the major impacts of adapting to changes brought about by deregulation and
restructuring during the 1990s were largely in place. The resultiviieeship mix of generating
capacity (MW) in 2002 was 62 percent of the generating capacity owned by traditional utilities,
35 percent owned by IPPsand 3 percent owned by commercial and industrial producers. The
mix of electricity generated (MWh) was neoheavily weighted towards the utilities, with a
distribution in 2002 of 66 percent, 30 perceand 4 percent for utilities, IPPs and
commercial/industrial, respectively.

Since 2002 IPPs have expanded faster than traditional utilities, substantiallgsimage
their share by 2012 of both capacity (58 percent utility, 39 percent IPPs, and 3 percent
commercial/industrial) and generation (58 percent, 38 percantd 4 percent).

The mix of capacity and generation2002 and 201%or each of the ownership tygs is
shown in Figures-23 (capacity) and-24 (generation). The capacity and generation data for
commercial and industrial owners are not shown on these figures due to the small magnitude
of those ownership types. A portion of the shift of capacity gederation is due to sales and
transfers of generation assets from traditional utilities to IPPs, rather than strictly the result of
newly built units.

7IPP data presented in this section include both combiaed norcombined heat and power plants.
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Figures2-13& 2-14. Capacity and Generation Mix by Ownership Type, 2002 & 2012
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Figures 215 and 216. Generation Capacity Built and Retired between 2002 and 2012 by
Ownership Type
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The mix of capacity by fuel types that have been built and retired between 2002 and
2012 also varies significantly by type of ownership. Figtir® gresents the new capacity built
during that period, showing that IPPs built the majority of both new wind and solar generating
capacity, as well as somewhat more natural gas capacity than the traditional utilities built.
Figure 216 presents comparable datar the retired capacity, showing that utilities retired
Y2NB O2Ff | yR a2l Kife®tanCAPsiktied While tide YPPsSirétited moeA f
natural gas capacity than the utilities retired. The retired gas capacity was [dyir(@0
percen) geam and combustion turbines.

2.5 Emissions of Greenhouse Gases from Electric Utilities

The burning of fossil fuels, which generates about 69 percent of our electricity
nationwide, results in emissions of greenhouse gases. The power sector is a majirutontr
of CQ in particular, but also contributes to emissions of sulfur hexafluoride) (@Eethane
(CH), andnitrous oxide(N20). In 20B, the electricity generation accounted for 38 percent of
national C@emissions. Including both generation and tramssion (a source of §Fthe power
sector accounted for 31 percent of total nationwide greenhouse gas emissions, measured in
CQ equivalent. Table-5 and Figure 47 show theGHG emissiofAdrom the power sector
relative to other major economic sector§able 26 shows the contributions of G@nd other
GHGs from the powegectorand other major emitting economic sectors.

8 CQ equivalent data in this section are calculated with the IPCC SAR (Second Assessment Report) GWP potential
factors.
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Table 25. Domestic Emissions of Greenhouse Gases, by Economic Sector (rtoltisof

CQ equivalent)
2002 2013 Change Betweer02 and '13
% Total % Total % Change % of Total
GHG GHG GHG GHG Change in in Change in
Sector/Source Emissions Emissions| Emissions Emissions| Emissions Emissions Emissions
Electric Power Industry 2,550 33% 2,289 31% -260 -10% 64%
Transportation 2,158 28% 1,991 27% -167 -8% 41%
Industry 1,564 20% 1,535 21% -29 -2% 7%
Agriculture 618 8% 647 9% 29 5% -1%
Commercial 402 5% 442 6% 40 10% -10%
Residential 412 5% 413 6% 1 0% 0%
U.S Territories 58 <1% 38 <1% -19 -33% 5%
Total GHG Emissions 7,762 100% 7,356 100% -406 -5% 100%
Sinks and Reductions -976 -972 4 0%
Net GHG Emissions 6,786 6,384 -402 -6%

Source:EPA, 2034 L y @Sy (i 2 NB
CH, NeO and Sfemissions.
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Figure 217. Domestic Emissions of Greenhouse Gases from Major Sec20@? and 2013
(million tons of CQ equivalent)

Source:EPA, 2034 Ly @Sy (i 2 NB
Not Shown: Cg& emissions from 1& Territories
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The amount of C&emitted during the combustion of fossil fuels varies according to the
carbon content and heating value of the fuel used. The&ssion factors used in IPM v8.1

(same as used in v5.13) are shown in Table Qoal has higer carbon content than oil or
natural gas, and thus releases more>@aring combustion. Coal emigboutl1.7 times as
much carbon per unit of energy when burned as naturaldgses(EPA 2013).

Table 26.

Greenhouse Gas Emissions from the Electri@gctor (Generation, Transmission

and Distribution), 2002 and 2@.(million tons of CQ equivalent)

Change Between '02 and

2002 2013 '13
Gas/Fuel Type or Source GHG % of Total GHG % of Total Change in % Change
Emissions GHG Emissions GHG GHG in
Emissions Emissions Emissions  Emissions
from Power from Power
Sector Sector
CQ 2,521 98.9% 2,262 98.8% -259 -10%
Fossil Fuel Combustio 2,505 98.2% 2,248 98.2% -257 -10%
Coal 2,083 81.7% 1,736 75.8% -347 -17%
Natural Gas 337 13.22% 487 21.28% 150 45%
Petroleum 84.7 3.32% 24.7 1.08% -60.0 -71%
Geothermal 0.4 0.02% 0.4 0.02% 0.0 0%
Incineration of Waste 13.0 0.51% 11.1 0.49% -1.9 -14%
Other Process Uses of 2.9 0.11% 2.4 0.11% -0.4 -15%
Carbonates
CH 0.4 0.02% 0.4 0.02% 0.0 0%
Stationary 04 0.02% 04 0.02% 0.0 0%
Combustion*
Incineration of Waste + +
N2O 13.7 0.54% 21.4 0.93% 7.7 56%
Stationary 13.2 0.52% 21.1 0.92% 7.8 59%
Combustion*
Incineration of Waste 0.4 0.02% 0.3 0.01% -0.1 -25%
Sk 14.7 0.57% 5.6 0.25% -9.0 -62%
Electrical Transmission 14.7 0.57% 5.6 0.25% -9.0 -62%
and Distribution
Total GHG Emissions 2,550 2,289 -260
Source:EPA, 2084 LY @Sy (i 2NE 2F | o{ ® DNBSYK20ES DHDH{BYMaar2ya

* Includes only stationary combusti@missions related to the generation of electricity.
** Sksis not covered by this rule, which specifically regul&€semissionsrom combustion.
+ Does not exceed 0.05 Tg«Eqg. or 0.05 percent.
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Table 27. Fossil Fuel Emission Factordlie EPA Bas€ase 5.4 IPM Power Sector
Modeling Application

Fuel Type Carbon Dioxide (Ib/MMBtu)

Coal

Bituminous 202.8¢ 209.6

Subbituminous 209.2¢ 215.8

Lignite 212.6¢ 219.
Natural Gas 117.1
Fuel Oil

Distillate 161.4

Residual 161.4¢ 173.9
Biomass 195
Waste Fuels

Waste Coal 204.7

Petroleum Coke 225.1

Fossil Waste 321.1

Non-Fossil Waste 0

Tires 189.5

Municipal Solid Waste 91.9

Source: Documentation for IPM Base Case v.5.13, Tablg. Theemission factors used in Base Casel 5wk
identical tothe emissiorfactors in IPM Base Case 5.13.

Note: CQ emissions presented here for biomass account for combustion only and do not reflect emissions from
initial photosynthesis (carbon sink) or harvesting activities and transportation (catasney.

2.6  Carbon Dioxide Control Technologies

In the power sector, current approaches available for significantly reducing the CO
emissions of new fossil fuel combustion sourtemeet a 1,400 Ib CAMWh emission rate
include the use off1) highly efficient coafired generation (e.g., modern supercritical or ukra
supercritical steam units) with partiabrbon capture and storage (CC&)highlyefficient coalt
fired designs (e.gmodernsupercritical or ultrasupercritical steam unijsvith up to 40percent
natural gas cdiring, (3), integratedcoalgasification combined cycle (IG@G¥iring with up to
10 percentnatural gasand/or (4) natural gascombinedcycle(NGCC)ombustion
turbine/steamturbine units

Investment decisionfor the optimal choicef the type of new generating capacity
capable of meeting th&,400 Ib C&JMWh standard of performanceepend in part on the
intended primary use of new generating capaciBaily peak electricity demands, involving
operation for relatiely few hours per year, are often most economically met by siropide
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combustion turbines (CT). Stationary CTs used for power generation can be installed quickly, at
relatively low capital cost. They can be remotely started and loaded quickly, andlican fo

rapid demand changes. Rltlad efficiencies of large current technology CTstgpecally30-33

percent but can be has high as gércentor more(high heating value basis), as compared to

efficiencies of 50 percent or more for new combiregtle unis that recover and use the

exhaust heat otherwise wasted froma CT. Asifpe Ot S / ¢ Qa4 f 26 SNJ STFAOAS
much more fuel to produce a MWh of electricity than a combhegdle unit. Thus, when

burning natural gas its G@mission rate peMWh could be 4860 percent higher than a more

efficient NGCC unit.

Basdoad electricity demand can be met with NGC@Gegation, coal and other fossil
fired steam generation, and IGCC technology, as well as generation from sources that do not
emit CQ, such as nuclear and hydro. IGCC employs the use of a gasifier to transform fossil fuels
Ayi2 aedyikKSaiaa 3Ila oaaeydaraédo FyR KSFGo® ¢ KS
and the heat from the syngas conversion can produce steam for the digd@me portion of
the combined cycle generator. Electricity can be generated through this IGCC process
somewhat more efficiently than through conventional boitgeam generators. Additionally,
with gasification, some of the syngas can be converteal ather marketable products suas
fertilizers andchemical feedstocks for processsto manufactureliquid hydrocarbonge.g.,fuels
and lubricant, and CQcan be captured for use in EORgure 218 shows the array of
products (including electricitygnd byproducts that can be produced in a syngas process
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Figure 218. Marketable products from Syngas Generation

Source: National Energy Technology Lab. Gasifipedia. Available at http://www.netl.doe.gov/research/coal/energy
systems/gasification/gasifedia/cogeneration

2.6.1 Carbon Capture and Storage

CCS can be achieved through either-poenbustion or postombustion capture of GO
from a gas stream associated with the fuel combusted. Furthermore, CCS can be designed and
operated for full capture of the Gan the gas stream (i.e., above 90 percent) or for partial
capture (below 90 percentRostcombustion capture processes remo@€ from the exhaust
gas of a combustion systeqét dzOK | & | dziAf A& ozdmbStedd LG A& N
Ol LJi dzNB ¢ o Sidthedmodiict 6f Kn& corhbustion of the primary fuel and the capture
takes place after the combustion of that fughis process is illustrated for a pulverized coal
power plant in Figure-29 and described in more detail in the preamble. (See preamble section
V.D.)For postcombustion, a station's net generating outpatil be lower due to the energy
needs of the captre process.
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